lenging. Anatomic distortion from numerous diverticular outpouchings along with the associated inflammatory response makes it difficult to identify the underlying colon cancer in the setting of acute diverticulitis.
Several studies have evaluated morphologic criteria, such as length of involvement, presence of a mass, and pericolonic inflammation, in patients with equivocal CT findings; however, most patients required further investigation to establish a firm diagnosis [7] [8] [9] . There are also controversies regarding the use of colonoscopy to exclude colon cancer in these patients. Some experts recommend evaluation of the entire length of the colon after resolution of an episode of diverticulitis in all patients presenting with acute diverticulitis using colonoscopy, barium enema and sigmoidoscopy, or CT colonography to exclude other diagnoses [10, 11] .
On the other hand, others conclude that subsequent evaluation of the colon may not be re-
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quired because the yield of advanced colonic neoplasia has been shown to be equivalent to or less than that detected on screening asymptomatic average-risk individuals and they recommend routine screening [12] . In addition, there is concern about the potential risk of perforation or other exacerbation of the disease process during air insufflation and scope manipulation if colonoscopy is performed soon after an attack of acute diverticulitis.
Given the frequency of the diagnosis of diverticulitis, its association with increased age and the overlapping features of diverticulitis with cancer on CT, there is a clear need for evidence-based recommendations regarding follow-up after an attack of acute diverticulitis. The aim of this study was to establish CT criteria as indications for colonoscopy in patients with CECT-documented acute diverticulitis after initial successful medical management.
Materials and Methods

Patient Selection
The study was conducted at a single university-affiliated teaching hospital. Institutional review board approval was obtained for this retrospective study that was undertaken in compliance with HIPAA. From January 2000 to December 2004, we retrospectively reviewed the CECT reports containing the word "diverticulitis" (in history, findings, or impression) for patients older than 49 years. The reports were assessed and patients with acute diverticulitis were identified. Subsequently, the patients in whom evaluation of the colon using colonoscopy had been performed after diagnostic CECT during the follow-up period were included in this study. Among these patients, we excluded patients with history of colorectal cancer to minimize selection bias. All outcomes were examined until September 30, 2011.
Imaging Technique and Analysis
CT studies were performed using a helical MDCT system using the standard protocol within the department. Scanning included the axial and coronal planes with a slice thickness of 5 mm. Each patient ingested oral contrast medium before the examination. IV administration of contrast medium was routinely given except for 12 patients because of poor renal function or previous allergic history. The CT images were retrospectively reviewed by one radiologist with more than 10 years of experience in abdominal imaging. Wall thickness of the involved segment was measured as the maximum thickness of the affected segment and reported on a two-level scale (≤ 6 mm and > 6 mm) [13] . Location of diverticulitis, presence of extraluminal air, abscess, fistula, localized mass, obstruction, lymph nodes, and enhancement pattern were evaluated. To determine location, the colon was divided into segments: cecum, ascending, transverse, descending, sigmoid, and rectum. Extraintestinal gas was defined as bubbles or pockets of extraintestinal air without a wall (not located inside an abscess). Fluid-containing collections, surrounded by a contrast-enhancing rim were defined as abscesses. Enhancement was graded subjectively as none, minimal, or obvious on the basis of comparison with the normal bowel wall segments. The visibility of mesenteric and retroperitoneal lymph nodes was assessed and the shortest diameter was measured.
Follow-Up
The reports of colonoscopy during follow-up were reviewed. The finding of polyps or masses and the histologic findings from the endoscopic biopsy were recorded. The site of the lesions was retrieved from the endoscopy reports, and the location of the lesions reported on the colonoscopy reports were corresponded with the segmental location. For this purpose, the colon was divided into the following six segments: rectum, sigmoid, descending colon, transverse colon, ascending colon, and cecum. Patients were stratified according to the most advanced lesions identified on histopathology. The first group included patients with nonneoplastic conditions, such as lipoma, granulation, angiodysplasia, hyperplasic polyps, and hamartomas. The patients with adenomatous polyps and cancer were considered group 2. The outcomes were also compared between men and women.
Statistical Analysis
Continuous variables were compared between groups by using the Student t test. The Fisher exact test was performed to analyze differences among the categoric data. A univariate statistical analysis was performed for CECT to determine the correlation with patient outcomes over the follow-up period. Sensitivity, specificity, and positive and negative predictive values of the imaging parameters for prediction of colon cancer were also calculated. The site of the mass on the colonoscopy report was correlated with the location of diverticulitis on CT by the involved segment. A match was accepted when the mass was located in the same colonic segment reported for diverticulitis on initial CT. Statistical significance was defined as a p value of less than 0.05.
Results
A total of 4881 CT studies were retrieved using the defined search criteria. After reviewing the reports, 1034 patients with a CT diagnosis of acute diverticulitis were identified. The records showed that a cohort of 402 patients (235 women and 167 men) had available colonic endoscopic evaluation after CECT, and these patients were included in the study (Fig. 1) . The mean age at CECT was 63.3 years (range, 50-94 years). Analysis of CECT images revealed that 82 (20.3%) patients had perforation, seven (1.7%) had fistula, 41 (10.2%) had abscess, and 27 (6.7%) had adenopathy.
The mean follow-up was 5.3 years (1 month to 11 years). Figure 2 shows the timing of follow-up colonoscopy in our cohort of patients. During the first 6 months after the first attack of diverticulitis, 34.8% of the patients had colonoscopy. Colonic polyps were present and biopsied in 78 patients (19.4%), including 55 adenomatous polyps, 21 hyperplastic polyps, and two polypoid granulations. Overall, 345 patients had nonneoplasitc lesions (group 1) and 57 patients had neoplastic pathology and were categorized to group 2. The prevalence of different morphologic findings on initial CECT in each group is presented in Table 1 . The rate of adenopathy, obstruction, and localized mass was significantly higher in patients with neoplastic lesions.
Nine patients (2.2%) were diagnosed with colon cancer (seven women and two men; mean age, 68.11 years) during follow-up colonoscopy (Fig. 3) . The sensitivity, specificity, and predictive values of individual CECT criteria for predicting colon cancer are summarized in Table 2 . Presence of enhancement showed the highest sensitivity for detecting both neoplastic lesions and cancer. Localized mass and presence of obstruction showed the highest specificity for predicting both neoplastic lesions and cancer. Bowel thickness of more than 6 mm was observed in patients with neoplastic lesions at a significantly higher rate (p = 0.033).
The odds ratio of a diagnosis of colon cancer on colonoscopy was 23.35 (95% CI, 5.56-97.94) in patients with presence of mesenteric or retroperitoneal lymph node, 4.67 (1.12-19.43) for abscess, and 24.43 (2.00-297.85) in patients with obstruction and localized mass reported on CECT. Diverticulitis and cancer were reported predominantly in the sigmoid colon (79.6% and 66.7%, respectively), and a significant correlation was found between the approximate location of diverticulitis on the original CECT and cancer reported on colonoscopy (matched colonic segment in eight cases, p < 0.001). The diagnosis of malignancy was made within 6 months from the date of CECT in eight patients (1-6 months), and only one patient had a diagnosis of colon cancer after 6 months during our follow-up. It should Early Colonoscopy in Diverticulitis be noted that in this patient malignant tumor was detected in the right colon whereas acute diverticulitis was reported in the descending colon. Most of the patients with cancer (seven of nine) had nodal diseases with advanced tumor (pT3 or pT4) at the time of diagnosis (Table 3) .
We also noted an unequal distribution of men and women. Women accounted for a higher number of cases in our diverticulitis cohort, and colon cancer was detected at higher rate in women as well (seven vs two, p = 0.041). The odds of a diagnosis of colon cancer in women increased more than 2.5-fold in comparison with men.
Discussion
There are no generally accepted criteria to guide the need for colonoscopy in patients with acute diverticulitis. To the best of our knowledge, our study is the largest series of patients with CT evidence of diverticulitis who underwent colonoscopy over almost 5.5 years at a large teaching hospital. Of 402 patients identified in our series, as many as 14.2% of patients (57 patients with neoplastic lesions) had additional findings on early colonoscopy with the potential to change management strategy and outcomes. Nine patients were found to have adenocarcinoma of colon (2.2%). Noticeably, of these patients with new diagnoses of cancer, only one patient had imaging evidence suspicious for a mass according to the initial CT report.
The rate of colon cancer in our patients seems to be higher than the reported prevalence in the general population. A recent metaanalysis involving 10 studies of screening colonoscopy in asymptomatic people with a total of 68,324 participants showed that the yield of invasive carcinoma in a heterogeneous population of high-and average-risk asymptomatic individuals was 0.8% [14] . The rate of colon cancer in patients with diverticulitis is variable in different reports [12, 15] .
A recent meta-analysis of the prevalence of colorectal cancer in patients with CT-diagnosed acute diverticulitis proposed that the rate of colon cancer in such patients (2.1%) compares to a calculated estimated prevalence among U.S. adults older than 55 years [16] . The authors concluded that there are limited data to support the recommendation to perform colonoscopy after a diagnosis of acute diverticulitis. The conclusion of this meta-analysis is limited by the sparse data about follow-up colonoscopy after CT diagnosis of acute diverticulitis in the present literature, which was mentioned by the authors. They also commented that these available studies did not specifically examine CT or clinical findings that would predict or exclude the possibility of colorectal cancer. Accordingly, despite numerous studies, the association between colon cancer and diverticulitis remains unclear.
This discrepancy may be a result of the highly heterogeneous study designs and settings in the different series. The authors of a large nationwide case-controlled study in Sweden suggested that diverticular disease does not increase the risk of colon cancer in the long term, and a history of diverticular disease does not affect colon cancer mortality [17] . In parallel, Morini et al. [18] performed a comprehensive evaluation of the available data and concluded that the data are not yet strong enough to suggest more aggressive colon cancer screening in diverticular disease. To evaluate this issue we tried to correlate the approximate anatomic site of diverticulitis as documented on original CECT with the location of colon cancer reported on colonoscopy. Interestingly, all but one case had fair correlation of the site of the pathology with early diagnosis of cancer (within 6 months of CECT). However, in one case, the tumor was detected in the right colon whereas diverticulitis was reported on the left and this patient was the only case in our series with a remote diagnosis of colon cancer (after 5 years). Accordingly, we propose that the higher rate of cancer in our series might be attributed to the fact that cancer can mimic clinical and CT features of acute diverticulitis and is more likely to be detected due to close surveillance of diverticulitis patients. 
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No genuine increased risk of cancer was experienced in patients with diverticulitis after 6 months of the acute attack in our cohort. We also noted that the incidence rate for cancer in women was higher compared with men, despite equal age distribution. Although, the overall incidence of colon cancer in the literature is slightly higher in men, increased rates of diverticulitis and colon cancer diagnosed after an attack of diverticulitis in women have been previously reported by Lam et al. [19] . Additionally, a recent study showed increased odds of colorectal cancer in the women in a diverticulitis cohort [20] . We could not find any risk factor for this discrepancy; however, the possibility of a higher rate of diverticulitis attacks in colon cancer in women cannot be excluded.
In several studies, quantitative CT perfusion measurements as well as morphologic criteria have been evaluated to establish practical diagnostic criteria to differentiate colonic diverticulitis from colon cancer [13, 21] . Morphologic features, such as length of involved bowel, presence of inflamed diverticulum, and pericolic infiltration, for the diagnosis of colonic diverticulitis and excluding colon cancer have been reported. On the other hand, combinations of morphologic and quantitative CT perfusion criteria have been evaluated and shown to be strong discriminators between cancer and diverticulitis [13] . Likewise, our results show that some characteristics observed on CT, such as presence of an abscess, obstruction, or wall thickness more than 6 mm, may be useful predictors of neoplastic lesions and specifically colon cancer. The presence of a mass and pericolonic nodes had high specificity, whereas the presence of enhancement showed sensitivity of 100% for predicting colon cancer. Shen et al. [21] reported that in the presence of colonic obstruction colon cancer is more likely than diverticulitis. Obstruction was reported on CT only in three cases in our series but had specificity of more than 99%. Accordingly, the low sensitivity is a major limiting factor for considering this finding as a consistent predictive imaging feature. Regarding adenopathy, it should be noted that in our study adenopathy was reported significantly more frequently in patients with neoplastic lesions; however, there was no significant difference between the sizes of the lymph nodes when comparing the two groups. We also evaluated the enhancement pattern of the involved part of the colon. Although the sensitivity of presence of enhancement was 100% for colon cancer, the specificity was 16.3%, limiting the use of enhancement parameters for this purpose.
Early Colonoscopy in Diverticulitis
Recently, Lau et al. [20] reported a substantial risk of cancer in patients after acute leftsided diverticulitis within 1 year of CT, in particular, when abscess, local perforation, and fistula are observed. They recommended routine colonoscopy in patients who have not had a recent colonic luminal evaluation. They also reported the overall prevalence of 2.1% for colorectal cancer among the cohort, which seems comparable to our findings (2.2%). Our findings were different from the study by Lau et al. in several aspects. First of all they only included left-sided diverticulitis and followed the patients for only 1 year. Additionally, we did not find any significant correlation between presence of perforation or fistula and colon cancer. However, abscess formation and obstruction were reported with higher odds of colon cancer diagnosis in our cohort of patients.
It should be noted that in our series only patients older than 49 years were included because typically colon cancer is regarded as a disease of the elderly, with 90% of patients diagnosed beyond the age of 55 years [22, 23] . Considering the low incidence of colon cancer in those younger than 50 years, we excluded this group to make the study more consistent. Larger trials are necessary to address the role of accelerated Elmi et al.
colonoscopy in younger patients presenting with acute diverticulitis.
There are some limitations to our study that should be considered when interpreting these findings. The main drawback was the retrospective design of the study, which limited evaluation of colonic lesions in a timely manner. Also, it was not possible to explore the reason for colonoscopy in a significant number of cases. Importantly, because we only included patients with colonoscopy during our follow-up period in our institution, there is a selection bias because those patients who did not undergo colonoscopy during our follow-up period were excluded. It should be noted that we did not include polyp size in our study, and one can make the argument that the presence of advanced adenoma may have resulted in accelerated colonoscopy in some patients leading to the diagnosis of colon cancer. However, on the basis of our findings, advanced colon cancer was detected on the first colonoscopy after the diverticulitis attack in eight of nine cases, and the finding of advanced adenoma probably did not contribute to the higher rate of colon cancer in our series. We acknowledge that we did not include clinical information and medical conditions of the patients, and the small number of patients with cancer in our study limits evaluation of accuracy of the imaging criteria for predicting cancer in diverticulitis patients. Further studies in larger populations of patients with acute diverticulitis should be performed to confirm our findings.
Conclusions
We showed an increased risk of occult colon cancer in patients with acute diverticulitis, especially in women, during the first 6 months of an acute diverticulitis attack (2.2% vs 0.8% in screening studies). Accordingly, we recommend early colonoscopy after an attack of acute diverticulitis in patients with wall thickness greater than 6 mm, presence of abscess, obstruction, or lymph node on initial CT.
